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USE OF PROTEIN CONFORMATION FOR THE PROTECTION AND 
RELEASE OF CHEMICAL COMPOUNDS 



BACKGROUND OF THE INVENTION 



(i) 



Field of the Invention 



5 



The present invention is directed to the preparation of synthetic amino acid 



polymers and , more particularly, is directed to the use of these polymers to protect 
chemical compounds, especially drug substances, from degradation, and to release 
the compounds under specific conditions. 

? 40 (ii) Description of Related Art 

■*3 Under physiological conditions, proteins (polymer chains of peptide-linked 

m 

m amino acids) normally do not exist as extended linear polymer chains. A 

If: combination of molecular forces, including hydrogen bonding, hydrophilic and 

Cm hydrophobic interactions, promote thermodynamically more stable secondary 

ll5 structures that can be highly organized (helices, beta pleated sheets, etc.). These 

it structures can then combine to form higher order structures with critical biological 



functions. Natural proteins are peptide-linked polymers containing 20 different amino 
acids, each with a different side-chain. The details of the folding into higher order 
structures are dependent on the type, frequency and primary sequence of the amino 



20 acids in the protein. Since each position in the polymer chain can be occupied by 20. 
different amino acids, the thermodynamic rules that describe the details of protein 
folding are complex. For example, we are currently unable to design a synthetic 
protein with a substrate-specific enzymatic site that is predicted by the primary amino 
acid sequence. More complete discussions of the structure and function of proteins 

25 are found in Dickerson et al. "The Structure and Action of Proteins" Harper and 
Row, New York, 1970 and Lehninger "Biochemistry" Worth, New York, 1970, pp. 
109-146. 



30 



However, some basic rules of protein folding have been discovered. In 
general, the side chains of the 20 L-amino acids commonly found in natural proteins 
can be placed in two categories, hydrophobic/non-polar and hydrophilic/polar, each 
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pjaynng separate rotes in protein conformation, in ,he standard "oi. drop" mode, for 

pr*e,n 0 ,d,ng, the amino acids with more hydrophobic side chains (Vai, Leu. Phe 

Me., „e) are sequestered ,o the inside of the protein structure, away from the 

aqueous environment. Frequently, these hydrophobic side chains form "pockets" 

ds e g. Lys, Arg, Asp, Giu) are most frequently distributed on the outer surface of 
natural proteins, providing overall protein soiubility and establishing a superstructure 
for the internalized hydrophobic domains. Perstructure 

aioh, h A , hi9h ' y Ti ? refeTOd «*™«on found in many natural proteins is the 3.613 

st , ~d b JT ri9M " handed "* C ° n,ainS 3 6 ami "° — <*» - ^ 
stabbed by hydrogen bonding (about 3 kcal/moi) involving the amide hydrogen and 

a carbony, oxygen, separated by , 3 atoms along the backbone of the polymer chain 

Smce the am,no acid side chains in the alpha-helix point away from and 

~r ,h , e henx axis ' any ° f - amin ° acws «— « *<» - « 

.he he,,, Other structures can also appear in higher order protein conformations 
- ud,ng the 3, 0 helix, and the important left-handed, three residue helix found in 
collagen and pleated sheets. 

Other amino acids can also be used with predictable results in the preparation 
of synthase proteins. Tyrosine (Tyr) is frequently found internalized, w/h its 4 
ydroxy hydrogen, hydrogen-bonded to another amino ac M or potential 
^and/enzyme substrate. Thus, Tyr can be u S ,ized to produce hydrophobic pock* 
wrfh a potential for hydrogen bonding. Proline (Pro, has been found to be slctm 
but no, always necessary, for a sharp turn in the peptide chain, allowing for 
cooperate interactions of different sections of the same poiymer. A, higher polymer 
25 concents. Pro can also disrupt helica, structure, producing a "less organ^d' 
pro.e,n. Cysteine can be utilized to stabilize higher order structures by linking 
polymer chains through high energy (about 50 kcal/mol) disulfide bonds Some 
am,no acids do no. have distinct hydrophobic or hydrophilic character and provide a 

30 ^7 " ' UnCti0n OT COnWbUte ^ SUb " e effeC,S °" ' he ° Vera " ■*"» 
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Some work on synthetic polypeptides has proceeded with the goal of 
producing textile products with desirable properties, but the technology has been 
largely too expensive to compete with natural products, and with other synthetic 
polymers. In the pharmaceutical industry, work on synthetic polypeptides has 
5 focused again on specific amino acid sequences having intrinsic hormonal or drug 
activities. A more complete discussion of the use of synthetic polymers for textiles 
and pharmaceuticals is provided by Block in "Polymer Monographs" Gordon and 
Breach, Vol. 9, 1983. A historical perspective is provided by Watson "Molecular 
Biology of the Cell"W.A. Benjamin, Inc., New York, 1970. 
10 Thus, it should be apparent that to date there has been in the art only a 

G limited ability to synthesize proteins with a view to achieving a final product having a 
=5 particular selected property. 

O i 

=j= SUMMARY OF THE INVENTION : 

fjj 

ff[5 It has surprisingly been found, according to the present invention, that block 

!\ polymers comprised of a limited sub-set of amino acids, exhibit intrinsic 
M= conformational structures that can be predicted, based on an analysis of statistical 
^ distributions and ratios of the amino acids in the polymer. Moreover, it has also been 
p surprisingly found that these synthetic proteins have utility in protecting and 
20 releasing sensitive chemical compounds. One embodiment of this invention 
relates to the utilization of the ability of amino acid polymers (polypeptides) to form 
higher order structures. These structures can bind to and protect chemical entities 
(e.g. drugs) from chemical and enzymatic degradation and provide a mechanism for 
controlled release of such entities. Synthetic polypeptides are described that are 
25 composed of carefully selected combinations and ratios of amino acids, including a' 
hydrophilic/polar component (like Glu or Lys), a hydrophobic component (like Tyr, 
Phe or Benzyl Glu), and are designed to promote the formation of internalized 
domains, to accommodate chemical entities like drugs. 

In another embodiment, the invention relates to a method of protecting a 
30 chemical compound from degradation comprising manipulating the higher order 
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structure of a synthetic protein and combining said chemical compound with the 
protein. An example of such a composition may comprise combining the chemical 
compound with a synthetic protein which may be a homo-polymer, containing for 
example Glu or Lys, or may be a co-polymer with an amino acid having hydrophobic 
character, contributes a hydrogen bonding capacity, or stabilizes higher order 
structures. 

In another embodiment, the invention relates to cell culture media comprising 
a synthetic polypeptide containing Gin that is co-polymerized with an amino acid, like 
Glu. The polymer provides a chemically stable nutritional source of Gin in the 
culture. A related embodiment utilizes a Gin containing synthetic protein as a. 
nutritional source of Gin in humans. 

In another embodiment, the invention relates to a pharmaceutical composition 
comprising an active ingredient that has been combined with a synthetic amino acid 
polymer and a pharmaceutically acceptable excipient. The synthetic protein may be 
a homo-polymer of Glu or Lys, for example, or may be a co-polymer containing Glu 
or Lys and Tyr, Phe or Benzyl Glu. In specific related embodiments, the active 
ingredient of such pharmaceutical compositions is L-DOPA, aspirin, hydrocortisone,' 
or estrogen. Such a pharmaceutical compositions may be used for example in 
treating Parkinson's, metabolism, or menopausal associated disorders. The 
protein/active ingredient combination may also be combined with other 
pharmaceutically acceptable excipients to aid in tablet formation and properties, for 
example. 

In another embodiment, the invention relates to a method of controlling the- 
release of a chemical compound based on response to changes in pH. This 
embodiment is comprised of manipulating the higher order structure of a synthetic 
protein by choice of amino acid composition and combining said chemical compound 
with the protein. 

In another embodiment, the invention relates to the release of chemical 
compounds by regulating the rate of proteolytic digestion through the manipulation of 
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higher order structures of a synthetic protein by choice of amino acid composition, 
and combining said chemical compounds with the protein. 

In yet another embodiment, the invention relates to a method of controlling the 
release of a chemical compound comprising manipulating the higher order structure 
5 of a synthetic protein and combining said chemical compound with the protein. 

In another embodiment, the invention relates to the release of chemical 
compounds by regulating thermal diffusion of said compounds from a synthetic 
protein. Regulation of diffusion rate occurs by manipulating the higher order 
structure of the synthetic protein, by choice of amino acid composition, and 
10 combining said chemical with the protein. 

C3 In another embodiment, the invention relates to a method of protecting a 

In chemical compound from degradation comprising combining the chemical compound 

-9 with an amino acid or carbohydrate polymer. The amino acid may be, for instance, a 

Cm 

,p glutamic acid polymer or a glutamic acid/tyrosine copolymer. 

Itt Other embodiments, features and advantages of the present invention will* 

f become apparent from the following detailed description. It should be understood, 

U however, that the detailed description and the specific examples, while indicating 

Jrf preferred embodiments of the invention, are given by way of illustration only, since 

C3 various changes and modifications within the spirit and scope of the invention will 

5b become apparent to those skilled in the art from this detailed description. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention relates to the manipulation of protein conformation in 
the protection and release of chemical compounds. That is, the present invention is 
based on the formation of higher-order structures that proteins assume under 
25 various salt, solvent and pH condition so as to protect chemical compounds and/or 
control the release thereof in vitro or in vivo environments. Under physiologic 
conditions, proteins (polypeptide chains) normally do not exist as extended linear- 
polymer chains. A combination of molecular forces, hydrogen bonding, hydrophilic 
and hydrophobic interactions, cause the peptide chains to fold up into structure that 
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can be organized (helices, beta pleated sheets, etc.) or more random. The 
thermodynamic rules that describe the details of this folding can be complex, for 
example in the unique formation of a enzymatic site. 

The present invention is based upon the utilization of the natural tendency of 
5 carefully designed synthetic proteins to fold up, in order to provide protection for 
sensitive compounds and also provide the engineered release of these compounds. 
These new products provide important advantages in multiple applications. 

Thus, the present invention describes the use of amino acids, to produce 
prototype synthetic proteins that reproduce certain conformational aspects of natural 
10 proteins. Further, the present invention describes a preferred embodiment that uses 
□ and combines a limited, but preferred sub-set of seven amino acids, each with a 
specific function in the resulting synthetic polypeptide: Glutamic Acid (Glu), Lysine 
J2 (Lys), Phenylalanine (Phe), Proline (Pro), Tryptophan (Trp), Tyrosine (Tyr) and 
Cysteine (Cys). Cys is used herein as the disulfide Bis-dimer (CysS-SCys), referred 
Jfl to as cysteine by convention. Block polymers of this amino acid subset are used to 
5 produce synthetic proteins with predictable conformations and utility. The ability of 
U these synthetic polypeptides to organize into higher order structures, and in some 
;i embodiments, to form hydrophobic domains, are used in the present invention to 
p protect sensitive compounds from chemical (e.g. oxidative) and enzymatic 
20 degradation and provide for the engineered release of these compounds under* 
specific conditions. 

A number of general methods could be used in the present synthesis of 
synthetic polypeptides, but the most suited is the Fuchs-Farthing approach. In this 
method, the parent amino acid is condensed with Phosgene under anhydrous 

25 conditions to form the N-chlorocarbonyl intermediate. Depending on the specific 
amino acid used, the R group functionality may require protection to block 
involvement in the reaction. The intermediate loses HCL as it cyclizes to form the N- 
carboxyanhydride (NCA). Currently, it is more convenient and safe to substitute 
triphosgene [Bis(trichloromethyl)carbonate] for neurotoxic Phosgene (gas) since 

30 triphosgene is a crystalline solid that is easily weighed and added to the NCA 
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reaction. Thus, triphosgene is a preferred reagent for amino acid NCA formation. 
Additional advantages to the Fuchs-Farthing chemistry are that the NCA's are 
generally easy to purify in crystalline form, negligible racemization occurs at the 
alpha carbon and the polymerization reaction yields only the protein polymer and 
5 non-toxic carbon dioxide. 

The polymerization reaction normally contains an amino acid NCA (for 
homopolymers) or mixture of NCA's, for the synthesis of co- or heteropolymers, 
together with a polymerization initiator, all dissolved in a compatible solvent system. 
Highly preferred for the polymerization is a non-protic organic solvent that has high 
10 solubility for the NCA and the polymer. The preferred solvents include ethyl acetate, 
£3 THF, benzene, dichloromethane, DMF and dioxane. Most preferred solvents include 
3 THF dioxane and DMF. In the case of co-polymer synthesis, solubility of the 
~2 polymer in the polymerization solvent is important, since early precipitates of 

•F polymer, prior to complete use of all the NCA monomers, may favor the appearance 

FU 

m of one amino acid over another, in the first precipitates. 

j\ The initiator of the polymerization reaction can be water, a base (organic or 

H inorganic) or a preformed amino acid polymer. In theory, the average number of 

Iq amino acid residues in the final polymer product is a direct result of the molar ratio of 

* 3 the monomer NCA's to the initiator. Since initiation may not behave ideally, through, 

: i 

20 for example, partitioning of the initiator into non-polymerizing compartments in the 
reaction, care must also be taken to use an initiator that is highly soluble in the 
reaction solvent. Most preferably, a tertiary amine, like triethylamine or tert- 
butylamine is used, since primary and secondary amines may stay covalently 
attached to the polymer, forming stable end-labeled polymer products. 

25 The preferred average number of residues (N) in the polymer chains is' 

between 5 and 400. For polymers like PGIu and PLys, where helical structure may 
be desired, an average N between 10 and 400 is most preferred. 

Another aspect of the present invention is the claimed mechanisms of 
protection and release of chemical compounds from synthetic protein polymers. A 

30 useful embodiment of the invention is the formulation of tablets or liquids intended for 
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oral delivery of an active drug substance. Standard formulations of drugs may have 
limited shelf-life (e.g. from oxidation) or be inactivated by the acidic conditions of the 
stomach. In this case, a drug delivery mechanism that circumvents the stomach 
would be desirable. Alternatively, rapid release of a drug substance in the stomach 
may be preferred. 

In order to address these desired applications, chemical compounds may be 
formulated as defined herein. "Macroformulation": blending of a powdered chemical 
compound and a powdered synthetic polypeptide prior to formulation and tableting. 
"Microformulation: incorporation of a chemical compound into a synthetic 
polypeptide, for example by inclusion into hydrophobic pockets, prior to formulation, 
and tableting. "Covalent formulation": incorporation of a chemical compound by 
peptide linkages into a synthetic polypeptide prior to formulation and tableting. 

A focus of the present invention makes use of a dramatic effect of pH on 
secondary and tertiary structures of synthetic protein polymers containing an 
ionizable R group (e.g. Glu, Asp, Lys, Arg). At a pH around the pK A , the ionizable 
portion makes a transition from uncharged to highly charged. As a result of all the 
closely spaced repulsive charges, higher order polymeric structures, like alpha" 
helices, are rapidly converted to "random coils." Random coils are highly flexible and 
dynamic; this form promotes drug release and enhanced proteolytic cleavage by 
digestive enzymes. 

For example, a drug can be blended in powder form with polyglutamic acid 
(PGIu) and tableted by direct compression. Stability of the drug in this "macro- 
formulated" tablet is achieved by internalization of the drug into the compressed, 
matrix, an environment that is nearly anhydrous and low in oxygen. The presence of 
water and oxygen is known to be detrimental to drug stability. After ingestion, the 
external surface of the tablet is exposed to the low pH of the stomach (about pH=1). 
Since the pK* of the gamma carboxyl group of Glu is 4.25, the carboxyl groups 
remain in the -COOH form, the tablet remains compact, digestion of the polymer is 
slow and release of the co-formulated drug is slow. 
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However, upon passing the pyloric valve, the pH of the intestinal contents 
increases to about 6.5 and the carboxyl groups become de-protonated and highly, 
charged. The closely spaced, highly charged carboxyl groups repel each other 
strongly enough to overcome intrachain bonds (e.g. hydrogen bonds) responsible for 
5 higher order structure of the PGIu. The drug then diffuses from the loose, random 
coils of the polymer. The enhanced digestability of the random coil structure also 
aids drug release. Through this mechanism, the drug is released preferentially in the 
small intestine. 

Similarly, a drug intended for oral delivery is "macro-formulated" with 
10 polymeric lysine (PLys) by blending and tableting (e.g. by direct compression). In 
this case, the omega amino group of Lys has a pKa of about 10.0. Once entering the 
5 stomach, the omega amino group becomes fully protonated and highly charged. 
K The closely spaced amino groups repel each other, releasing the drug substance by 
=P diffusion and enhanced digestability of the random coil structure. 
crt5 A further enhancement of drug stability and controlled release properties,. 

:. especially in the digestive system, can be realized by incorporation of a hydrophobic 
H amino acid, like Phe, to form a synthetic co-polymer. In one embodiment, a 

fJKS. 

fQ synthetic co-polymer containing Glu and Phe, in a preferred ratio is, "macro- 
formulated" with a hydrophobic drug substance. Stability of the drug in the 

20 compressed tablet is again enhanced by sequestration from water and oxygen. 
Release of the drug in stomach is slow. However, once in the small intestine, the 
PGIu/Phe becomes less organized due to pH/charge effects and there is an initial 
release of drug substance accompanied by re-partitioning of the drug into 
hydrophobic domains in the polymer. Finally, terminal digestive proteolysis releases 

25 the entire store of drug. 

Similarly, PLys/Phe can be used for release of a drug substance in the 
stomach, except that drug release and digestion of the polymer are enhanced in the 
stomach, and the drug release profile is blunted by successive re-partitioning of the 
drug into the hydrophobic domain of the polymer. Finally, digestive proteolysis 

30 destroys even the hydrophobic pockets, releasing all the drug. 
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A further enhancement of drug stability is accomplished by microformulation* 
involving inclusion of the drug, into the internal matrix of the synthetic protein prior to 
tableting and oral administration. For example, a hydrophobic drug substance is 
combined in solution with a co-polymer of glutamic acid and phenylalanine 
5 (PGIu/Phe) at a pH that favors the random coil form of the polymer (pH >4). The 
solution is slowly acidified to promote the formation of higher order structures in the 
polymer, with attendant formation of internalized hydrophobic domains containing the 
"dissolved" hydrophobic drug substance. The PGIu/Phe - Drug Substance 
combination precipitates at lower pH; precipitation can be enhanced by the addition 
10 of an organic solvent like acetone. The vacuum or freeze dried product is especially 
£3 stable since the drug substance is partitioned into anhydrous, hydrophobic domains 
3 inside the protein structure. 

52 A similar process of drug inclusion applies to PLys/Phe except that higher 

«p order structures, like alpha helices, occur above pH 10 for this polymer. In this case, 
fljs the polymer/drug combination is adjusted to pH> 11 in solution and freeze dried. 
s Again, the product is especially stable due to partitioning of the drug into 
U hydrophobic domains inside the protein. The polymer/drug complexes can be 
*i formulated with other excipjents that may facilitate tableting. 

□ Certain drug substances, like DOPA and glutamine (Gin), are also amino 

20 acids and are therefore amenable to co-polymerization into the primary polypeptide, 
chain, affording drug protection as described above and an additional control of drug 
release, requiring proteolytic digestion. An embodiment demonstrating the 
advantage of this covalent formulation is the protection of Gin from degradation. Gin 
is an essential amino acid for most mammalian cells and is therefore an important 

25 nutritional component, for example in cell culture. However, monomeric Gin is 
chemically unstable, degrading to ammonia and pyrrolidonecarboxylic acid, under 
physiologic conditions. Gin is chemically stabilized as a co-polymer with Glu by 
incorporation into the structure of the polymer. As an oral nutritional supplement in 
humans, Gin release is regulated by normal proteolytic digestion of the polymer. Gin 

30 is released for metabolic use by cultured cells by slow extracellular hydrolysis of the 
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synthetic protein in the culture media or by pinocytotic mechanisms in which the 
synthetic protein is internalized by the cultured cells and digested by lysozomes to 
become a metabolic source of Gin. 

Other hydrophobic amino acids find special use when co-polymerized with a 
5 hydrophilic component like Gin or Lys. For example, Tyrosine (Tyr) is moderately 
hydrophobic and can also hydrogen bond with potential drug substances via its 4- 
OH group. Tryptophan (Trp) is less hydrophobic than Phe and provides internalized 
hydrophobic domains that permit relatively enhanced diffusion of drug substances 
under physiologic conditions. Trp-NCA synthesis is also facilitated since the 
10 secondary nitrogen does not need protected. 

□ Proline (Pro) is used in the present invention to provide obligatory turns in 

5 structures like helices, providing for enhanced intrachain interactions and promoting 
JS the formation of more globular synthetic proteins, when preferred. At higher levels, 
=P Pro destabilizes higher order protein structures since it cannot participate in helical 
rl5 structures and can be used in a co-polymer to enhance diffusion of a drug substance 
a from hydrophobic domains internalized in a synthetic protein. D-amino acids also 
M inhibit formation of helical structures of L-amino acids but are less desirable due to 

their possible unwanted metabolic effects as an unnatural amino acid. 
Q Cysteine is used in the present invention to stabilize higher order structures 

20 via intra- and inter-chain disulfide linkages. This is accomplished in the present 

invention using the bifunctional Bis-disulfide NCA, since the disulfide linkage serves 

as its own thiol protecting group. 

An additional embodiment of the present invention is the synthesis of a 

synthetic protein for use in the preparation of a synthetic serum. In this capacity, a 
25 globular protein that is metabolically. stable, non-immunogenic and non-allergenic is* 

highly desired. As an artificial serum component, a heteropolymer containing Glu, 

Pro, Tyr, and Cys has been prepared with the desired properties. 

The synthetic polypeptides in the current application are also referred to as 

synthetic proteins or synthetic amino acid polymers. Polypeptides of the invention 
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have two or more amino acids linked by a peptide bond. In a preferred embodiment, 
polypeptides have five or more peptide linked amino acids. 

In another embodiment, the present invention relates to polypeptides 
containing glutamine (an essential amino acid). Monomeric glutamine is an unstable 
amino acid that can degrade to toxic components under normal cell culture 
conditions. However, according to the present invention synthetically produced 
polypeptides containing glutamine are used in cell culture as nutritional source of 
stable glutamine. For example, it has been shown that co-polymerization of glutamic 
acid with glutamine provides a stable form of glutamine. 

This stabilization results from higher order folding of the protein structure 
under physiologic conditions. Slow proteolytic digestion of the protein in cell culture 
provides a metered release of glutamine for use by the cultured cells. 

In another embodiment, longer chain synthetic polypeptides (from about 5 to 
about 400), containing glutamic acid and/or glutamine are used in cell culture as a 
serum substitute. Serum derived from bovine fetuses and other animals is routinely 
used in cell culture. However, serum from animals is largely undefined and may 
contain adventitious agents like viruses and mycoplasma, that could infect the- 
cultured cells. A synthetic serum substitute is chronically defined with no possible 
risk of virus or mycoplasma infection. 

In another embodiment, the polypeptide is made in various lengths to provide 
a mechanism for sustained release which may be performed in combination with the 
manipulation of the higher order structure. In such an embodiment, the varying 
length of the polypeptide mixture containing the drug of interest will extend the 
release of the therapeutic unit from the polypeptide chain, thereby providing a means 
whereby the frequency of dosing may be reduced. The cause of this extended 
release is that different length polypeptides will have different rates of hydrolysis. In 
addition, longer polypeptides will naturally tend to take longer to digest, and thus 
release the drug of interest. In this way, a mixture of polypeptides of different 
lengths will promote release throughout an extended period of time. Alternatively, 
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the therapeutic agent may be protected by placing it in a carbohydrate polymer chain 
of varying lengths, which will similarly promote extended release of the agent. 

In a preferred embodiment, the drug to be protected is L-thyroxine, 
iodothyronine, reverse T3 (rT3) or a related compound, containing more or fewer 
iodine atoms. The polypeptide in such a case will contain one or more units of 
L-thyroxine, iodothyronine or related compounds and be of varying length. In other 
preferred embodiment, the polypeptide of varying lengths may include glutamine, 
steroids or estrogen. 

In another embodiment, carefully designed protein conformations are used to 
protect and release chemical compounds. Certain synthetic polypeptides provide pH 
and thermodynamic-dependent release of sensitive chemical entities. These 
producers are especially effect as pH-dependent dispersants (e g , in tablet 
formation) that would selectively release in the stomach or in the small intestine, 
depending on the specifics of the polypeptide design. Prior to release, chemical 
entities would be stable due to inclusion in the higher order structure of the polymer, 
and sequestration from 0 2 , moisture, and other degradants. The careful design of 
the polymers with hydrophobic pockets (e.g., by inclusion of hydrophobic amino 
acids like tyrosine) will selectively internalize other hydrophobic molecules for slow 
release and protection from degradation. 

The enhanced shelf life and controlled release of certain drugs is 

advantageous to the treatment of various disorders, including Parkinson's disease, 

diseases of the metabolism and conditions associated with menopause. 

Unless otherwise indicated, a parameter that is qualified by "about" may vary 

± 10 % from the stated value. That is, "about 50 °C" means 45-55 °C. Further, 

unless otherwise indicated, all amino acids are in the L-form. 

The entire disclosures found in U.S. application 09/411,238 and the U.S. 

application, number not yet assigned based on PCT/US00/05693, are hereby 

incorporated in their entirety by reference. 
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The present invention, thus generally described, will be understood more 
readily by reference to the following examples, which are provided by way of 
illustration and are not intended to be limiting of the present invention. 

EXAMPLES 

Example 1: Preparation of Polymeric Glutamic Acid (Poly Glu) 

The N-Carboxyanhydride of gamma-benzyl glutamic acid (HGIu NCA) is 
prepared by the method of Daly and Poche (Tet. Letters, vol. 29, p. 5859, 1988), 
incorporated herein by reference. For polymerization, the HGIu-NCA is prepared as 
a 10% solution in Tetrahydrofuran (THF) and coupling is initiated by the addition of 
NaOMe or organic amine, like t-butylamine. When polymerization is complete (e.g., 
24 hours), the benzyl polymer (Poly BGIu) is precipitated by the addition of a suitable 
solvent, like petroleum ether, and the product dried in vacuo. De-benzylation of the 
polymer with HBr follows the method of Katchalski and Sela (J. Amer. Chem. Soc., 
vol. 75 p. 5284, 1953), incorporated herein by reference. The final product (Poly 
Glu) is obtained as a white, dry powder in about 80% yield and may be further 
purified, for example, by acid precipitation from aqueous solution. 

Example 2: Preparation of Glutamic Acid/Glutamine Co-Polymer (Poly Glu/GIn) 

The PolyBGIu is treated with Hexamethyldisilazane (HMDS, CAS 999-97-3) in 
THF to form the de-benzylated, silazane-derivatized polymer. This polymer is" 
converted to any desired ratios of glutamic acid and glutamine by a combination of 
hydrolysis (to from the glutamine amide group) and treatment with HBr (to form the 
glutamic acid carboxyl group). Alternatively, PolyBGIu may be partially treated with 
trimethylsilyliodide (TMSI), followed by HMDS and hydrolysis to get a desired 
combination of Glu/GIn in the polymer. Tablets suitable for oral treatment are 
prepared by direct compression. 

Example 3: Preparation of Glutamic Acid/Tyrosine Copolymer (Poly Glu/Tyr) 
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PBLG is prepared as in Example 1 except that desired amounts of Tyrosine- 
NCA are incorporated in the polymerization. The polymer is debenzylated in HBr to 
form the product containing any desired ratio of Glu/Tyr, as a block polymer. 
Alternatively, the Tyr-NCA can be added after 2 hours (for example) of 
polymerization of the Glu-NCA alone, to obtain polymers enriched in Tyr in the 
polymer termini. Amino acids other than Tyr can be used to advantage. 

Example 4: Tablet Formation Using Poly Glu 

Combinations of PolyGlu and other powdered substances can be prepared by 
blending a desired amount of PolyGlu and the substance, followed by direct 
compression to form tablets, if desired: For example, 100 mg of aspirin is combined 
with 100 mg of PolyGlu and the combination formed into a tablet by direct 
compression. Additional excipients may be used to advantage, for example to aid in 
blending or tablet formation. 

Example 5: Treatment for Inflammation 

The product of Example 4 is used as an oral preparation for the treatment of 
inflammation. 



Example 6: Hydrophobic Inclusion by Co-Precipitation with Poly Glu-Tyr 

Poly Glu/Tyr as prepared in Example 3 is co-dissolved in TNT with a desired 
amount of Levo-Dopa (L-Dopa). With active stirring, water is slowly added to co- 
precipitate the polymer and the monomeric L-Dopa. The precipitate is isolated by 
centrifugation or filtration and the product dried, e.g., by freeze drying. The product 
can be formulated and compressed into tablets. 

Example 7: Treatment of Parkinson's Disease 

The product of Example 6 is given as an oral preparation to patients with 
Parkinson's disease, as an a nti- Parkinson therapy. 

Example 8: Poly Glu/GIn as a Nutriti nal Sourc in Cell Cultur 
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The product of Example 2 is combined with other culture media ingredients 
(not glutamine) to produce a slow release source of glutamine in cell culture. For 
example, glutamine dependent cells are grown in serum free and glutamine free 
media (e.g., NCTC-109, no glutamine) using Poly Glu/GIn as the only glutamine. 
5 source. Observations of long-term growth and cell morphology demonstrate that 
Poly Glu/GIn is a stable, slow release source of nutritional glutamine in cell culture. 

Example 9: Treatment of Glutamine Deficiency 

The product of Example 2 is utilized in humans and other mammals as an 
effective oral treatment for glutamine deficiency. 

I| Example 10: In vitro Stability of Glutamine as a Component of Poly Glu/GIn 

3 The product of Example 2 was tested for stability and compared to monomeric 

m glutamine by incubation in 0.2 M phosphate buffer at pH 9.0 as described by Price 

± and Greenstein (J. Biol. Chem. vol. 180. p. 209, 1949), incorporated herein by 

m reference. Glutamine in the polymer was found to be stable for over 12 hours at 37 

!$ °C, while monomeric glutamine showed extensive degradation to ammonia and 

M= pyrrolidonecarboxylic acid, under the same conditions. 

% Example 11 : Use of Poly Glu/GIn as a Synthetic Serum in Cell Culture 

^ Human amniotic cells were cultured in media containing 5 gm/liter of Poly 

Glu/GIn in alpha-MBM as the basal medium. Long-term observations of cell growth 

20 and cell morphology demonstrated Poly Glu/GIn to be an adequate serum substitute. 
Attempts to grow the same cells without serum were not successful. 

Example 12: Use of Poly Glu/GIn as a Synthetic Serum Extender in Humans 

Poly Glu/GIn is useful as a serum substitute and serum extender in humans 
and other mammals. The product is prepared as a sterile, 0.5% solution in 0.15 N 
25 NaCI and is administered parenterally (I.V.) as needed. 

Example 13: Preparation of Microcrystalline L-Glutamic Acid 
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L-Glutamic acid (200 g m) is dissolved jn 2 5 L 

solution is added slowiv t n m < 1 The no * 

aaaea slowly to 2.5 L of rapidly stirred, cold (T< 10 °C) acPtnn* t« f 
thick slurry After rn«iin„ «. 1 u acetone to form a 

u"y. Mner cooling, the precipitated solid is senarateH k„ ru 
with 200 ml of acetone and the fife, „.„ se P ar ^ed by filtration, washed 

y einyi acetate, any insoluble material (<5 am) is filtered nff fln(< *k 
Product is precipe by the rapid addKion 0 f 360 m o h e s 1 " I " ^ 

— - in a co mbi na«on ; f 3 £ n^^THr £ T ~ " 

350 ml hexanes is adrt*H • Precipitation has commenced, an additional 

pressu re ,o rem ove excess sciven,. and i, is men washed with hexanes ,100 m„ 
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and dried in vacuo (T<30 °C). The product is stable when stored under dry carbon, 
dioxide, in the cold (temperature is less than about 10 °C, where "about 10 °C" 
means ± 5 °C). 

Example 15: Synthesis of Polymeric Glutamic Acid (PGIu) 

5 The dry (Glu-NCA product (17.3 gm, 100 mmol) of Example 14 is dissolved in 

anhydrous THF (86 ml) and polymerization is initiated by the addition of 86 ml of 
anhydrous ethyl acetate containing 0.1 gm triethylamine. The reaction is warmed to. 
reflux for 15 min. then allowed to cool and react at 25 °C for 24 hours with 
continuous stirring. The precipitate is isolated by filtration, washed with anhydrous 

]LQ diethyl ether and dried in vacuo at 60 °C for 2 hours, to yield a white powder. Yield: 

vi 10.2 gm (79%). 

m Example 16: Synthesis of Polymeric Lysine (PLys) 

;F Polymeric L-Lysine is prepared as previously described (Sela et. al.,- 

m Biopolymers I, 517, 1963). The dry polymer is converted to the alpha helical form, 
Jj and contaminant bromine is removed by dissolving in water as a 10 % solution and 
\t titrating the pH to 12 by the addition on 1.0 N NaOH. The spontaneous precipitate is 
m further precipitated by the addition of acetone and collected by filtration and vacuum 
H dried to obtain a white powder. Yield: 78 % from the starting polymeric Lysine. The 

helical form is confirmed by measuring the optical rotation [alpha] D of the pH 12 
20 solution (minimal negative value of -40 degrees optical rotation, compared to -130 

degrees optical rotation for the random coil). 

Example 17: Synthesis of Glutamic Acid/Phenylalanine Co-Polymer (PGIu/Phe) 

The conditions of Example 15 are repeated except that Glu-NCA (12.46 gm, 
72 mmol) and Phe-NCA (5.35 gm, 128 mmol) are co-dissolved in the THF. Crude 
25 Phe-NCA is prepared by the method of Poche (Tel. Letters 29:5859-5862, 1988). 
However, the crude Phe-NCA is further purified prior to polymerization by dissolving 
50 gm in a mixture of 100 ml of THF and 100 ml of ethyl acetate followed by 
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precipitation with 600 ml of hexanes. The fluffy, white product is isolated by filtration, 
washed with hexanes and dried in vacuo to yield 36 gm (72%). 

Example 18: Synthesis of Lysine/Phenylalanine Co-Polymer (PLys/Phe) 

Example 16 is repeated except that Phe-NCA is also included in the 
polymerization for the co-polymer in a final Lys/Phe ratio of 3.6. The polymer is 
converted to the helical form as described in Example 16. 

Example 19: Synthesis of Glutamic Acid/Glutamine Co-Polymer (PGIu/GIn) 

The polymer of Example 15 is converted to the Glu/GIn co-polymer. 
Polymeric glutamic acid (20 gm) is suspended in 100 ml of water, with stirring, and 
heated to 50 °C. Concentrated aqueous ammonia (30%) is added while monitoring 
the pH of the solution. At pH=5.0, the mixture is stirred for an additional 10 min.- 
while making small adjustments to pH 5.0 and the solution is freeze dried to obtain 
20.4 gm of a white powder. The partial ammonium salt is then heated to 80° C in a 
vacuum oven for conversion to the Glu/GIn co-polymer. Yield: 18.6 gm. Elemental 
analysis for N shows this preparation to contain 8% Gin. Titrations to higher pH with 
ammonia yield higher % Gin in the final co-polymer. 



Example 20: Synthesis of Glutamic Acid/Proline/Tyrosine/Tyrosine 
Heteropolymer (PGIu/Pro/Cys/Tyr) 

Example 15 is repeated except that 4 separate amino acid NCA's: Glu-NCA 
10.71 gm, 62 mmol), Pro-NCA (1.42 gm, 10 mmol), Tyr-NCA (3.54 gm, 17 mmol) 
and Cys-NCA (1.14 gm, 4 mmol) are dissolved in 86 ml THF prior to polymerization.. 
Glu-NCA is used a synthesized in Example 14. Pro-NCA, Tyr- NCA and Cys-NCA 
are synthesized as summarized by Blacklock, Hirschmann and Veber (The Peptides 
9:39-95, 1987). Cys-NCA is prepared and used as the Bis- Cysteine- NCA (NCA- 
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Cys-S-S-Cys-NCA). Pro-NCA is prepared just prior to use but the remaining NCA's 
are stable when stored as described in Example 14. Yield: 12.2 gm (76 %). 

Example 21: Release of Tryptophan (Trp) from PGIu + Trp Blended Tablets 

A uniform blend of PGIu (19.0 gm) and Trp (1.0 gm) is prepared in a ball mill 
and 100 mg tablets are prepared as described in Example 25. Tablets are subjected 
to a standard dissolution test under two pH conditions (pH 1.0 and 6.5) in order to 
mimic conditions in the stomach and small intestine. In the test, a tablet is placed in 
a jacketed (37 °C) glass beaker containing 100 ml of the test solution, and stirred at 
100 RPM. Samples (0.1 ml) of the solution are taken at 30, 60 and 120 min., diluted 
1/10 in water, and the OD measured at a wavelength of 280 nanometers and 
compared to the control samples containing 5 mg of Trp dissolved in 100 ml of 
solution. Release of Trp is expressed as % of Control (100%). 

pH = 1.0 Ph = 6.5 

-r u, Kt o J rp Released ( % Control) Trp Released (% Control) 

Table No. 30 mm 60 min 1?Dmin 30 min 60 min l?nmin 



1 


0.8 


1.1 


0.8 


98.2 


98.1 


99.0 


2 


0.8 


0.8 


0.7 


97.1 


98.0 


98.2 


3 


.07 


1.0 


0.9 


97.5 


99.1 


98.9 



Example 22: Release of Tryptophan (Trp) from PLys + Trp Blended Tablets 

Example 21 is repeated except that tablets were formulated using the helical 
form of PLys from Example 16. 

n PH=1.0 Ph = 6.5 

-r u, I rp Released as % of Control Trp Released as % of Control 

Table No. 30 min 60 min 170 min 30 min 60 min 120 min 



1 


102.5 


101.4 


98.4 


99.1 


98.9 


98.9 


2 


99.1 


100.1 


100.1 


99.0 


98.6 


98.8 


3 


99.3 


99.2 


99.1 


98.9 


99.6 


99.3 
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Example 23: Hydr phobic Inclusion of Tryptophan in PGIu/Phe 

Tryptophan is included in hydrophobic sites in PGIu/Phe from Example 17 by 
d-ssdving 1 0 gm of the pdymer in a so.ution composed of 50% ethano, and 0 05 M 
sodium phosphate buffer at pH 7.2. 

5 The solution is bubbled with nitrogen to remove dissolved oxygen 

Twtophan ao gm> Is then added and the pH slowly adjusted to 3.0 by titraUon with 
1.0 N HCL. The precipitate formed is collected by centrifugation and washed by re- 
suspension in water and the product is freeze dried. Solution of the product in 0 05 
M sod,um phosphate and measuring the OD at 280 nanometers is used to measure 
10 the Tip included in the polymer. 

| Example 24: Protection of L-OOPA by Hydrophobic inclusion in PGIu/Phe 
- (PGIu/Phe + DOPA) 

Example 23 is repeated except that L-DOPA is substituted for hyotophan 
Deoomposition of DOPA is measured by formatJon of colored q uinone oxidation 
products, when compared to DOPA alone. DOPA less is measured by reverse 
phase HPLC as previously described. Gerlach e. al., J. c hmma t, 380:379-385, 

Example 25: Tableting for Oral Dosage Forms 

Oral dosage forms of drugs combined with synthetic polypeptides can be 
prepared by direct compression of the polypeptide drug combination. Alternately 
the synthetic polypeptide/drug combination can be combined with other excipients to 
enhance tablet properties, as described for 5 mg hydrocortisone in a 200 mg tablet ' 



IF: 

5 
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Component 


mg/T ablet 


% 


1 Lvs/Phe-HvdrnrnrtiQnno 


OO.U 


17.50 


2. Microcrystalline Cellulose 


25.5 


12.75 


3. Lactose 


135.25 


67.63 


4. Croscarmellose 


3.40 


1.70 


5. Mg 2+ Stearate 


0.85 


0.42 


Total: 


200.00 mg 


100% 



Procedure: A pre-mix of the PLys/Phe-Hydrocortisone combination and 
cellulose is blended to uniformity and then blended with the remaining ingredients, 
except stearate, until uniform. Finally, the stearate is added and blended 5 min. 
Tablets are formed by direct compression to a hardness of 16 kg. 

Example 26: Blending and Tableting of PGIu + Aspirin 

A uniform blend of equal masses of PGIu and aspirin is prepared in a shell' 
blender and 200 mg tablets containing 100 mg aspirin each are compressed as 
described in Example 25 to a hardness of 7 kg. 

Example 27: Blending and Tableting of Phe/Phe + Cortisol 

Example 23 is repeated except that hydrocortisone (17- 
hydroxycorticosterone) is substituted for Trp and tableted with other excipients as- 
described in Example 25. Hydrocortisone in the tablets is determined by quantitative 
reverse phase HPLC of solutions containing dissolved tablets as previously 
described. Waters Corporation, Symmetry Applications Notebook II. August 1994 
p. 19. 

Example 28: Stability of Gin in PGIu/GIn Co-Polymer 

Stability of Gin in the PGIu/GIn co-polymer of Example 19 is measured by the 
production of free ammonia in 0.2 M phosphate buffer, as described previously 
(Gilbert et al., J. Biol. Chem. 180:209, 1949). The Glu/GIn co-polymer yields no 
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detectable ammonia in this assay, while the control sample, containing free Gin is 
almost completely de-amidated. 

Example 29: Use of PGIu/GIn in Cell Culture 

The co-polymer of Example 19 is dissolved as an 0.8% solution (0.8 gm/100 
ml) ,n a standard media, devoid of monomeric glutamine (alpha-MEM without 
glutamine) and combined with insulin (5 ug/ul) and transferrin (holo, 5 ug/ul) The 
solution is adjusted to pH 7.2 with 1.0 N NaOH and filtered through a 0 2 micron 
ster,l,zation membrane. This combined media is found to support growth of cultured 
human amniocytes, through multiple passages, with no addition of monomeric L- 
glutamine. 

Example 30: Treatment of Gin Deficiency in Humans with Oral Dosage of 
PGIu/GIn 

The Glu/GIn co-polymer of Example 19 is formed into tablets by direct 
compression of 125 mg of the co-polymer, as described in Example 25 This oral 
dose wll suffice as an oral preparation to deliver about 10 mg L-glutamine, in order 
to treat a deficiency of this essential amino acid in humans. 

Example 31: PGIu/Pro/Cys/Tyr as a Synthetic Serum Component 

The heteropolymer product of example 20 is dissolved in phosphate buffered' 
saline (PBS) and adjusted to pH 7.2 with 1.0 N NaOH, prior to sterile filtration This 
sterile solution is intended as a synthetic serum replacement, to supplement serum 
volume in humans and other mammals. 

Example 32: Treatment for Inflammation 

The product of Example 26 is tableted by direct compression, as in Example 
25, to contain about 50 mg of aspirin per tablet. This preparation is intended as an 
oral treatment for inflammation in mammals, especially humans. 
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Example 33: Treatment for Primary Adrenal Insufficiency 

The product of Example 27 is combined with other excipients to formulate an 
oral dosage for the treatment of adrenal insufficiency or inflammation in mammals, 
especially humans. 

Example 34: Treatment for Parkinson 's Disease 

The product of Example 27 is tableted by direct compression, as in example 
25, to contain 50 mg of L-DOPA per tablet, as oral dosage form for the treatment of 
Parkinson's disease in humans. 
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